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FIELD OF THE INVENTION 

The present invention relates to a new and 
advanced method to process the magnetic fields, or so- 
called DC fields, produced by time-independent cur- 
rents, i.e. direct currents, of a study object in mul- 
tichannel measurements. In particular, the present in- 
vention relates to a new manner of eliminating harmful 
DC fields caused by the movement of the study object 
and, on the other hand, to a manner of studying inter- 
esting DC fields. 

By time-independent, static DC sources, DC 
fields and direct currents are meant, in the context 
of this invention, completely static phenomena as well 
as those alternating at a frequency of up to one 
hertz . 

BACKGROUND OF THE INVENTION 

Magnetometers, for example SQUID sensors, are 
normally used to measure biomagnetic signals, these 
magnetometers being sensitive only to dynamic phenome- 
na. Thus, the direct currents of an object that is im- 
movable relative to the sensor array do not produce a 
measurement signal, and the only way to measure the 
direct currents is to move the object relative to the 
sensor array or to move the sensor array relative to 
the object. In this case, the magnetic field distribu- 
tion that is static in the coordinate system of the 
object and that is produced by the direct currents of 
the object changes as a function of time in the coor- 
dinate system of the sensor array and thereby produces 
a measurement signal changing as a function of time. 

The direct currents that produce DC fields 
are not often interesting, but for example magne- 



toencephalographic, i.e. MEG, measurements used for 
studying the human brain involve situations where de- 
tection of the direct currents is desirable. For exam- 
ple, the epileptic, migraine and REM sleep phenomena 
are associated to interesting direct currents. 

In addition to DC fields caused by physiolog- 
ical direct currents, DC fields are caused by all mag- 
netized bodies that are immovable in the coordinate 
system of the object. These may include for example 
small magnetic particles left in the skull from a 
drill used for brain surgery, braces as well as mag- 
netic impurities for example in the hair. These mag- 
netizations typically induce, when the object is mov- 
ing, an interference signal which is very strong in 
comparison to the biomagnetic signal, and the elimina- 
tion or damping of which is essential to detect the 
physiological phenomenon to be studied. 

The problem is typical particularly in clini- 
cal measurements for measuring patients who find it 
difficult to stay completely immovable for the dura- 
tion of the measurement. In addition to MEG measure- 
ments, the DC fields produced by direct currents can 
be significant for instance in magnetocardiographic, 
i.e. MCG, measurements conducted to study the activity 
of the heart, where magnetized particles produce the 
measurement signal e.g. as a result of respiratory 
movements . 

A method where the subject is moved in a geo- 
metrically known fashion, for example periodically at 
a known frequency and amplitude, relative to the meas- 
uring device has been used to detect the physiological 
direct currents. One such method is described for in- 
stance in publications ^^Measurement of near-DC biomag- 
netic fields of the head using a horizontal modulation 
of the body position'^, Wuebbeler et al. Recent Advanc- 
es in Biomagnetism, Sendai, pp. 369-372, 1999, and 
^''Hyperventilation-induced human cerebral magnetic 
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fields non-invasively monitored by multichannel ^di- 
rect current' magnetoencephalography". Carbon et al, 
Neuroscience Letters, Vol. 287, pp. 227-230, 2000. In 
the cited method, the subject lies on a bed that is 
5 movable relative to the sensor array such that the 
head of the subject is supported to be immovable rela- 
tive to the bed. This must be made so that the move- 
ment of the head could be expected to correspond to 
the known movement of the bed. The bed is moved sinus- 

10 oidally at a frequency of 0.4Hz and amplitude of 75mm, 
whereupon the direct currents of the head appear in 
the measurement signal at a modulation frequency of 
0,4Hz. The signals are demodulated and reconstructed 
in such a way that the DC signals can be easily stud- 

15 led. 

The above method is directed to the measure- 
ment of interesting physiological direct currents by a 
magnetoencephalographic device. In the method, the 
separate movement of the head is prevented and the 

20 movement that is necessary for detection of the DC 
signals is produced by a separate medium, i.e. the 
bed. In this case, the magnetization proper to the bed 
also produces a modulation frequency signal that, be- 
ing an interference signal, must be eliminated for ex- 

25 ample by moving the bed in a corresponding manner 
without the subject and by measuring the resulting DC 
signal as a reference. 

The method described above includes many 
problems and limitations. Securing the head of the 

30 subject can be experienced as unpleasant particularly 
in the case of patients in poor health. In addition, 
the movement of the bed produces the above-mentioned 
interference signal, the elimination of which, togeth- 
er with the construction of the mechanical movement 

35 system and preparations for the DC measurements, re- 
quires plenty of additional work in comparison to the 



normal MEG measurement. The method is thus extremely 
vulnerable to interference. 

There have not been proposed procedures to 
eliminate the interference signals caused by ^addi- 
tional' DC fields of the moving subject relating to 
the conventional MEG measurements that would be based 
on the DC property of the interference sources. The 
interference elimination methods do not observe the 
movement of the subject, but only aim at eliminating 
from the measurements the interference signal caused 
by the movement by standard methods. This can be per- 
formed for example by high-pass filtration, but this 
way the slow brain signals are also lost. 

OBJECTIVE OF THE INVENTION 

The objective of the invention is to elimi- 
nate the drawbacks referred to above or at least sig- 
nificantly to alleviate them. In particular, the ob- 
jective of the invention is to disclose a new type of 
a method for studying the physiological, interesting 
DC fields of a subject, on the one hand, and for elim- 
inating the distortions in the measurement signal 
caused by ^additional' DC fields in a conventional MEG 
or MCG measurement, on the other. Furthermore, the ob- 
jective of the invention is to disclose a solution for 
studying interesting DC fields without special test 
arrangements and enabling the free movement of the 
head of the subject. 

For characteristic features of the present 
invention, reference is made to the claims. 

DESCRIPTION OF THE INVENTION 

The present invention relates to a novel man- 
ner of measuring DC fields by a multichannel MEG or 
MCG measuring device and, on the other hand, to a man- 
ner of eliminating from the measurement result the in- 
terference signals caused by direct currents. In the 



invention, a tracking system for the movement of the 
subject as well as a movement correction method for 
the measured signals are combined in such a way that 
the signals caused by the direct currents of the mov- 
ing subject appear in the final measurement result as 
a static signal component in a conventional MEG or MCG 
measurement. In this case, no special preparations for 
measuring the DC fields need be made in advance in the 
measurement. The above-mentioned movement tracking 
system is described in patent application 
PCT/FI02/00225, and the movement correction method is 
described in patent application FI20030392. They are 
incorporated in this application by this reference. 

The basic idea of the invention is tracking 
the movement of the head of the subject and modeling 
the movement of the head as the movement of the sensor 
array around an immovable head. The measured magnetic 
field signal is represented as elementary fields in a 
signal space basis where the basis vector coefficients 
are attached to the coordinate system of the head by 
utilizing information about the geometry between the 
head and the measuring device. In this case, the time 
behavior of the basis vector coefficients does not in- 
clude the distortion caused by the movement of the 
head, but the same basis vector coefficients would 
have been obtained also from a completely immovable 
head with the distinction that, in the immovable case 
the coefficients would not encompass a DC component 
because the SQUID sensors do not measure static phe- 
nomena. As the head moves relative to the measuring 
device, a signal caused by direct currents appears in 
the measurement signal, the time behavior of which in 
a movement-uncorrected measurement corresponds to the 
movement of the head. As a result of the above- 
mentioned movement tracking and correction method, the 
observed signal caused by the direct current appears 
in the basis vector coefficients as a static signal 



because, in the coordinate system of the head, the di- 
rect currents produce a static signal. 

In calculating the elementary fields, a pre- 
ferred embodiment is to use spherical harmonics, in 
which case it is possible, at the same time, easily to 
eliminate the part of the external interference fields 
as presented in patent application FI20030392. The 
movement correction may also be conducted by other 
manners, for example utilizing the minimum-norm esti- 
mate of the current distribution of the study object. 

Thanks to the invention, the processing of 
the signals caused by direct currents is very easy. To 
study the physiological direct currents, the subject 
can be asked freely to move their head, in which case, 
as a result of movement correction, the DC component 
of the measurement signal includes only the signal 
produced by fixed direct currents in the head of the 
subject. The DC component can be separated for example 
by Fourier transform. 

The DC signal obtained by the above manner 
is, of course, the sum of all signals produced by di- 
rect currents and includes, in addition to physiologi- 
cal DC signals, the DC signals to be classified as po- 
tential interference sources, such as magnetic impuri- 
ties, that must be separated from the physiological 
signals by some method. The elimination of DC inter- 
ference from movement-corrected data is very easy when 
the physiological DC signal is not the study object, 
because the DC signal can be simply eliminated by so- 
called baseline correction. In this correction method, 
the mean value of the signal is calculated by each 
measurement channel for a time period during which the 
biomagnetic response is not present. In this case, the 
mean value corresponds to the DC level of the channel 
that can be eliminated for the entire measurement pe- 
riod by subtracting the numerical value of the partic- 
ular DC level from the measurement signal. 
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The invention also allows a novel manner of 
positioning the measurement object relative to the 
measuring device. Since magnetized bodies produce a 
signal corresponding to the movement of the object, it 
is possible to attach magnetic bodies to the object, 
to the positions that are known in the coordinate sys- 
tem of the object, and to measure the movement of the 
object based on the movement signals of the bodies. In 
this case, the movement tracking system corresponds to 
the method described in patent application FI20010558 
with the distinction of using static signal transmit- 
ters and being able to perform the positioning, as de- 
sired, directly from the spatial distribution of the 
movement signals without time integration, whereby a 
considerably faster, practically real-time, movement 
tracking system is achieved. 

By virtue of the present invention, it is 
possible to study the physiological, interesting DC 
fields of the subject, on the one hand, and to elimi- 
nate the distortions in the measurement signal caused 
by ^^additional'' DC fields in the conventional MEG or 
MCG measurement, on the other. Thanks to the inven- 
tion, no special arrangements are needed in these 
studies, but the solution according to the invention 
in combination with the conventional measurements pro- 
vides the possibility of studying the direct currents. 
Furthermore, the invention also enables the free move- 
ment of the head of the subject in the measurement of 
DC fields. 



LIST OF FIGURES 

In the following section, the invention will 
be described in detail by means of examples with ref- 
erence to the accompanying drawing, in which 

Fig. 1 schematically represents one measure- 
ment arrangement according to the present invention, 
and 
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Fig. 2 is a flow chart of one embodiment of 
the method according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 represents one preferred measurement 
arrangement according to the invention. Fig. 1 sche- 
matically illustrates a multichannel magnetometer 1 
designated for measuring the magnetic fields of the 
brain. The magnetometer includes a cooled vessel, such 
as a dewar 2, containing a set of individual magnetom- 
eters, i.e. SQUID sensors 3, at a low temperature. 
Provided to the study object 4, in this context to the 
surface of the head of the subject, is a set of signal 
sources 5, the position of which in the coordinate 
system A of the measurement object is known. When the 
position of the signal sources is known, it is possi- 
ble to detect the position of the signal sources and 
also the position of other signal sources present in 
the measurement object, particularly the interesting 
biomagnetic signal sources, by measuring with the sen- 
sor array 3 . 

When the measurement object 4 moves, for ex- 
ample according to arrows Mi and M2, the signal sources 
5 move as well, in which case the sensors 3 also reg- 
ister the magnetic fields generated by direct current. 
Thus, the signal sources may be alternating current as 
well as direct current sources. 

Next, the operation of the invention will be 
described with reference to Fig. 1 and 2. The patient 
can be asked to move their head relative to the meas- 
uring device 2, for example in the direction of arrows 
Ml and M2, step 22. The movement can be free and need 
not be predetermined. The movement is registered by 
the sensor array 3, step 23, by utilizing the signal 
sources 5 provided to the head of the patient. The DC 
sources 6 on the head of the patient that may relate 
to interesting biomagnetic phenomena or magnetic bod- 



ies produce a direct current component to the magnetic 
field in the coordinate system of the head, which is 
registered by the sensors 3 due to the dynamics caused 
by the movement of the head. This direct current com- 
ponent observed can be separated from the measurement 
signal when represented by elementary field components 
attached to the coordinate system of the head, taking 
into account the observed movement, in which case the 
DC component appears as a static signal, steps 23, 24 
in Fig. 2. The elementary fields can be generated for 
example by means of spherical harmonics represented in 
the coordinate system of the head. 

The invention is mot limited merely to the 
embodiments presented above; instead, many variations 
are possible within the scope of the inventive idea 
defined by the claims. 
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CLAIMS 

1. A signal processing method for separating 
a signal relating to a static source present in a 
measurement object from a signal registered by a meas- 
uring device that measures a dynamic phenomenon, in 
which method the measurement object and the measuring 
device move relative to each other, character- 
ized in that 

the relative movement of the measuring device 
and the measurement object is determined, 

the signal is represented in a coordinate 
system attached to the measurement object, in which 
case the signal produced by the static source is ob- 
served as a static signal, and 

said static signal is separated from the 
measurement signal . 

2. The method according to claim 1, char- 
acterized in that the relative movement of the 
measuring device and the measurement object is deter- 
mined in real time when the measurement signal is be- 
ing registered. 

3. The method according to claim 1, char- 
acterized in that 

the movement of the measurement object is 
modeled as movement of the measuring device around the 
measurement object, and 

the registered signal is represented as ele- 
mentary fields in a signal space basis, the basis vec- 
tor coefficients of which are attached to the coordi- 
nate system of the measurement object based on the 
known geometry between the measurement object and the 
measuring device, 

4. The method according to claim 3, char- 
acterized in that the elementary fields are cal- 
culated by spherical harmonics. 

5. The method according to claim 1, char- 
acterized in that the determined movement is ad- 



justed by using the minimum- norm estimate of the cur- 
rent distribution of the measurement object. 

6. The method according to claim 1, char- 
acterized in that the DC signal is separated 
from the measurement signal by high-pass filtering. 

7. The method according to claim 1, char- 
acterized in that 

the measurement signal is divided into two 
time periods, 

said static signal is separated from either 
one of the time periods, 

the difference between the original signal 
and the separated static signal is calculated for the 
total time period. 

8. The method according to claim 1, char- 
acterized in that, in connection with a neuro- 
magnetic MEG measurement, the relative movement of the 
measuring device and the measurement object is provid- 
ed by the person to be studied moving their head on 
purpose . 

9. The method according to claim 1, char- 
acterized in that 

the signal produced by the magnetic bodies 
attached to the measurement object is measured, the 
position of the bodies in the coordinate system of the 
measurement object being known, and 

the position of the measurement object rela- 
tive to the measuring device is determined by these 
measurement signals . 

10. The method according to claim 1 for re- 
ducing the interference caused by the movement of 
static magnetization in a biomagnetic signal, char- 
acterized in that the registered signal is high- 
pass filtered before and after representing the signal 
in the coordinate system attached to the measurement 
ob j ect . 



TIIVISTELMA 

The present invention relates to a novel man- 
ner of measuring direct current fields by a multi- 
channel MEG or MCG measuring device and, on the other 
hand, to a manner of eliminating from the measurement 
result the interference signals caused by direct cur- 
rents. In the invention, a tracking system for the 
movement of a subject as well as a movement correction 
method for the measured signals are combined in such a 
way that the signals caused by the direct currents of 
the moving subject appear in the final measurement re- 
sult as a static signal component in a conventional 
MEG or MCG measurement. In this case, special prepara- 
tions for the measurement of DC fields need not be 
made in advance in the measurement. 

(Fig. 1) 
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